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ABSTRACT
lettuce

(lactuca sativa

l.) seed

temperatures are higher than 25-30 C.
is affected by both
four

is inhibited

seedlots of "Empire"

produced in the

establishment

lettuce seed of

summers and

the field in late summer and early

determine stand

when

The extent of this thermodormancy

genetic and environmental factors.

years were sown in
to

germination

with high

soil

winters of two
fall at Yuma, AZ

temperatures.

The

seedlots produced

in the summer had higher percent field emergence than

those produced in

the winter.

germinated in petri dishes in
determine

Also,

seed of these four

a growth chamber at 20, 25, 30 or 35 C to

germination percentage and germination rate.

had significantly higher

the

Summer seedlots

germination percentages and rates

seedlots within a temperature.
decreases for

seedlots were

As temperature was raised,

summer seedlots

occurred at

35

C and

than winter
significant
significant

decreases for the winter seedlots occurred at 25 or 30 C.
lettuce seeds
cultivars

from

that varied in

were germinated in
root

elongation

significantly

"Empire"

at

20,

25,

30

or

35

lengths and

C.

rates of

Summer
root

six

studies also
and rate of
seedlots

had

elongation than

The tolerant cultivars, PI 251245

and Empire,

higher root lengths and rates of root elongation than

sensitive

cultivars,

Electrical

conductivity of seed

seedlots and six cultivars

Severa

and

Dabora,

at

in percent ion

30

and

leachates from seeds

was measured at 20, 25,

leakage between

35

c.

of the four

30 or 35 C with

significant interaction between seedlot and temperature.
difference

and from

thermotolerance during previous

higher root

had significantly

seedlots of

seed envelopes to determine root length

winter seedlots at 35 C.

the

the four

no

No significant

seedlots was found

but the

temperature

effect was significant.
was

No significant interaction between

cultivar and

temperature

found but

significant.

At all four temperatures one of the intermediate cultivars

(Salinas) had significantly higher percent

the

temperature

effect

ion leakage than one of

sensitive (Dabora) and one of the tolerant CPI 251245) cultivars.

was

the
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CHAPTER 1
IHTRODUCTIOH
Lettuce (Lactuca
vegetable crop

in

the United

tomatoes in acreage,
A native
Lactuca

of

States, exceeded

Asia and

serriola L., lettuce

a descendant

has been

1957).

America, Europe,

South America

only

by potatoes

production, and fresh market value

Europe and

(Thompson and Kelly,
Horth

sativa L.) is the third most important commercial

(Yamaguchi,

the roadside

is the major salad

Hew Zealand
Its

1983).

(Ryder, 1986).

cultivated at least

Today it

Australia,

of

and

has

2500 years
vegetable in

and many

popularity

weed

countries in
many

facets.

Lettuce has a low calorie content and is thus a common ingredient in low
calorie diets.
the

While it is readily accessible in local markets, some of

looseleaf varieties of

Moreover, lettuce

lettuce are

is available

easily grown in

to consumers

in all

home gardens.

seasons as it

is·

produced year round in the United States.
Four

types

of

lettuce

are

grown

crisphead, cos or romaine, butterhead,
percent of U.S. commercial production
which is

produced in the west

extensively

in

the

and leaf or looseleaf.

U.S.:
Ninety-

of lettuce is the crisphead

and southwest.

type

Eighty-seven percent of

this type is produced in the arid soils of California and

Arizona alone

(Ryder, 1986).

Crisphead varieties are the lettuce of choice because of

their relative

disease resistance and the

heads

to

However,

withstand
the climatic

critical than for
season

crop

it

long

distance

transportation

requirements for

other types of
requires

cool

ability of the

crisphead

lettuce.

(Whitaker,

1962).

varieties are

more

lettuce is a

cool

Because

temperatures

firm compact

(7-25

C average)

for

9

germination and
throughout

heading, and a constant and abundant supply of moisture

the growing season

that these requirements are
California and
winter

(Yamaguchi, 1983).

The disadvantage is

difficult to achieve in the desert areas of

Arizona where late summer

markets encounter higher

and early fall

plantings for

than optimal temperatures

for lettuce

production (Kloth, 1984).
Lettuce seed,
germination.
become

in particular, is sensitive to

Soil temperatures greater than 25 C cause lettuce seeds to

thermodormant,

germination
however,

will not

time,

germinate

a

condition

in

that follow imbibition
prevent the

started to germinate.
enough

high temperatures at

the

Also,

seeds

(Borthwick

the

are inhibited.

growth of
if the

will
and

which

be

soil temperature

Robbins,

from

1928).

stages

of

High temperatures,

the seeds that

released

temperatures for lettuce range from

growth

have already

is lowered

for

thermodormancy

and

Maximum

germination

26-33 C (Gray, 1975), whereas

soil

temperatures in California and Arizona during August and September

have

been

reported

thermodormancy

as

high

as

43

C

(Valdes

et

of lettuce seed causes production

emergence and lack of uniformity

al.,

1985).

This

problems such as poor

in stand establishment for growers

in

this region of the U.S. (Cantliffe et al., 1981).
The

impact of thermodormancy

in lettuce

when as a result of nonuniform stands
mature at

the same time.

more than once.
the
in

at harvest

not all of the lettuce heads

Harvest crews then

If lettuce prices

seed is felt

must go through

are not high, multiple

are

a field

harvests of

same field will not be done and later maturing lettuce will be left
the field.

To overcome

this problem

of high

temperatures during

10

germination, growers use
temperatures.

sprinkler or furrow

have

soil

This practice reduces the problem but does not eliminate

it because soil temperatures
1973).

irrigation to lower

Other methods

often cannot be lowered enough

aimed at alleviating lettuce

(Sharples,

seed thermodormancy

been tried such as seed priming with growth regulators (Helson and

Sharples, 1986) and
methods

seed coatings (Sharples, 1981).

induce stresses on

are expensive,
difficult and

Hot

germination physiology, but

they require high quality
often ineffective under

only do these
the techniques

seed, and large

scale use is

field conditions (Perkins-Veazie

and Cantliffe, 1984).
In

order to gain

further understanding

of the tolerance

to high

temperatures at germination in lettuce, the objectives of this study are
three-fold:

1) to

determine

high

temperatures

response

to

determine

if within

seedlots

developed

control,

and

leachate

is

differences
seed lots.

in

3) to
an
in

a single

if lettuce
suggesting

investigate
of

thermotolerance

seasons
if
a

differ in

genetic

cultivar differences

different

indication

cultivars

control,
are found

suggesting

among

lettuce

mechanism
seed

2)

to

between

environmental

electrical conductivity
possible

their

of

seed

controlling

cultivars

and

11

CHAPTER 2
LITERATURE REVIEW
When a
ways with
As a

with its environment

in many

a complex series of chemical events initiat@d and maintained.

result

covering

the embryo

structures

(Ballard,
when

seed germinates it interacts

1973).

given a

develops

are

ruptured

These

suitable

and grows
and

events occur

to

the

the point

seedling

where

is

established

for lettuce (Lactuca

environment where

vigorous

the

sativa L.)

lettuce seeds

are

capable of germinating and emerging roots within 48 hours from the start
of imbibition (Heydecker and Joshua, 1977).
is

not suitable, for

example high

However, if the environment

temperatures prevail,

then lettuce

seed becomes physiologically impaired and germination will not occur.
The initiation
environmental conditions.
to 75 or

of

80~

of lettuce seed germination

requires specific

The seed must absorb an amount of water close

its air dry weight while maintaining an adequate intake

of oxygen (Davis, 1924).

Also, many lettuce seeds

are light sensitive

meaning they will germinate only when fully exposed to light, and poorly
or

not at

all

in darkness

germination has
Robbins,

an optimal temperature range

1928).

associated,
problematic.

(Thompson, 1938).

Finally,
of 7-25 C

lettuce seed
(Borthwick and

Although these environmental conditions are intimately

the influence

of

Moreover, the

temperature

is

negative effect

regarded
of high

as

the

most

temperatures on

lettuce seed germination has been investigated extensively.
Lettuce

seed thermodormancy

lettuce seeds when subjected to
initiation of

refers to

the

dormant condition

higher than normal temperatures at

germination (Borthwick and

Robbins, 1928).

of
the

In general,

12
temperatures above 25 C will inhibit germination.

Temperatures above 30

C will cause most seeds to cease germinating altogether.

However,

such

temperatures will not prevent growth of seeds which have already started
to germinate.

Moreover, once temperatures are lowered seeds will resume

germination.
Cultivars
conditions
reduction

of

lettuce of

differ

in the

in germination

1988; Gray, 1975),

the

same age

temperature

and

they can

(Borthwick and

types

tolerate

Robbins 1928;

similar

without any

Coons et

al.,

suggesting qualitative and genetic differences among

the germination mechanisms of lettuce cultivars.
crisphead

grown under

germinated

significantly reduced

well

between

at

25 and

30

Gray (1975) found that

C whereas

28 C in

germination

the butterhead

was

types.

Furthermore, a higher temperature is required to inhibit the germination
of old

seed

than

of

freshly

(Borthwick and Robbins, 1928).
onset

of dormancy

provides a

harvested seed

of

the

same

cultivar

Depending on the age and cultivar,

clearly occurs at

sharp cut-off point above

a well-defined

the

temperature which

which germination does

not occur

(Reynolds and Thompson, 1971).
The environment
on the

in which the seed develops may also have an effect

seed's response to

high temperature

Brocklehurst (1990) experimented with

at germination.

Drew and

the effect of temperature on

mother-plant environment on the yield and

the

germination of lettuce seeds.

They found that low production temperatures (20 C day, 10 C night) gave
a low yield of

large seed, and high temperatures (30 C day, 20 C night)

gave a higher yield of smaller seed.
and size of seeds were due to

The differences in yield per plant

the differences in the size of the plants

13
at flowering and

the faster

environments.

Also,

the

rate of

maturity of the

embryos from

conditions were less tolerant

the

seeds

seeds in

warmer

produced

in cool

to high temperatures than those

produced

in warmer conditions.
To a

certain

germination

extent the

is affected

lettuce seeds germinate
they germinate

by

light requirement
high temperature.

lettuce seeds

Between

only when fully exposed

in darkness and in light.

of

18

to light.

at

and 25
Below

C

18

c

Above 25 C light is no longer

effective in stimulating germination and lettuce seeds are in a state of
complete

dormancy

(Thompson, 1938).

Evenari (1952)

effect of light depends upon light intensity,
and

temperature.

found

that the

duration of illumination,

Once again different cultivars responded differently.

For some, a higher light intensity at temperatures above 25 C stimulated
germination

regardless

of

duration

required high light intensity for
stimulate germination
concluded
light

at high

of

exposure.

cultivars

relatively long exposure in order

temperatures.

that lettuce seeds,

Other

whether or

Overall, Evenari

not they were

to

(1952)

considered as

sensitive at germination, exhibited a clear photosensitivity when

influenced by temperatures above 25 C.
Whether

the

high

temperatures

are

fluctuating

or

constant

influences the thermotolerance of lettuce seed at germination.

Although

lettuce seeds germinate

satisfactorily at low

temperatures and not

high temperatures, the ungerminated seeds are not
high

temperature.

Rather,

the

ungerminated

imbibed as those that do germinate and
weeks without showing any decay.

at

injured in any way by
seeds become

as

fully

can remain in this condition for

As soon as the temperature

is reduced

14

they germinate well

(Borthwick and Robbins,

(1938) found

that

resulted

higher

in

a shift

from low

germination

1928).

temperature

percentages

However,
to high

than

results

temperature

either

temperature or a shift from high to low temperature.

Thompson

constant

At any rate, these

suggest the possiblity of a link between high temperature and a

phase of

germination which is most

likely to induce

thermodormancy in

lettuce seeds.
In

lettuce

seed

the

beginnings of

mitotic

division coincide in time (Evenari et al., 1957).
the growth by which

divisions resulting in

Luippold,

1959).

the

an increase

of lettuce

of

exposure to

germination increased.

seeds.

33

imbibition at 22 C.
least for

beginning.
well as

C

He exposed

by

(Haber and

lettuce seeds to

He found that as

time

to

reach

50~

in time was greater for

exposures

of imbibition than after a

period of

Also, the increase in time to reach

seeds exposed to

a

different lengths of time

increased, the

The increase

begun immediately after the start

was

in cell number

different times after the start of imbibition.

length

occurs by both

in the dormant embryo and

germination-inhibiting temperature for

and at

cell

Gray (1977) investigated temperature sensitive phases

during germination
high,

and

Following imbibition,

the embryo becomes a young seedling

expansion of the cells originally present
mitotic

activity

50~

germination

33 C when radicle emergence

Gray

concluded that the first

the phase

between the beginning

four hours of
of mitosis

was just

imbibition as

and the

onset of

radicle emergence were more sensitive to the effects of high temperature
than other phases in the germination process.
In recent

research the interplay

between the forces

generated in

15
the developing
envelope

embryo and the mechanical restraint of the tissues which

the embryo and

the focus in

been

high temperatures.

the physiological

order to

events of

determine what controls

The lettuce

germination have
thermodormancy at

seed, botanically an achene, has

three

distinct, separate coverings which interact during germination (Hopkins,
1924).

A ribbed, cutinous testa

beneath

the testa

epidermis and
protective

is

the integument

the inner

epidermis.

lining that adheres

during radicle

is the outermost covering.

emergence.

which is
The

In seeds lacking

persistent in its attachment to the ovule.
membrane surrounding

attached

embryo.

Thus,

the outer

epidermis is

the testa and

a

thin

is discarded

in vitality this lining is
The inner integument, a thin

the endosperm, is the third covering that encloses

the developing embryo.
with

composed of

outer

closely to

Directly

These external

membrane,

layers, especially the endosperm

may mechanically

to overcome

lettuce seed, the endosperm

restrain

this restraint

in

expansion

of the

normal germination

is ruptured by the mechanical

of

force of the

growing embryo pushing against it (Pavlista and Haber, 1970).
Borthwick and Robbins (1928) provided the foundation for the research
involving the influence

of high temperature on the interactions between

the embryo and

its coverings during germination.

coverings from

a number of lettuce seeds

They

removed all the

after allowing them to imbibe

for a few hours, and then placed them in germinators at 30 C.
hours
from

most of the
a

number

endosperm and

Next they removed

seed germinated.

of seeds,

leaving

the embryo

integumentary membrane.

germinate at the high temperature.

All

still

of these

After

24

only the testa
enclosed

by the

seeds failed

to

They concluded that the first stages

16
of

lettuce

seed germination

providing there
28

are

initiated only

is adequate moisture and oxygen.

C initial metabolism is inhibited though

at

low temperatures

At temperatures above

absorption of water is not

hindered.
Davis

(1924)

prohibits the

showed

evidence

Davis

to diffuse

deduced that the

gasses at

integumentary

the

seed coats

movement

of

Robbins (1928)

furthered this

temperatures

increased

membrane

The oxygen requirements

in temperature such that an

through the

higher temperatures,

preventing

the

free diffusion of oxygen inward.

increase rapidly with an increase
supply fails

that

membrane at

higher temperatures.

gradually become less

not only

permeable to

preventing oxygen intake

carbon dioxide
theory when

oxygen

adequate

outward.
they found

pressure

but

Borthwick and
that at

increased

higher

germination

percentages.
Not only
temperature,
retarded
Since

is the

passage of

respiratory gasses

but metabolism is damaged

along with

the manufacture

the lettuce seed endosperm with

as well.
of

affected by

high

Hydrolysis of fat is

enzymes (Griffith,

1937/38).

its osmotically active cellulose

membrane appears to regulate substances entering and leaving the embryo,
many researchers

believe

the dormancy

imposed (Speer and Hsiao, 1976).
for the developing

seeds is

1983).

Thus,

it follows

are degraded after germination, with

integrity paralleling radicle elongation

emergence (Jones, 1975; Speer

endosperm

The endosperm serves as a food reserve

embryo (Georghiou et al.,

that the endosperm cell walls
loss of endosperm

of lettuce

and Hsiao, 1976).

the

and radicle

Under the influence of

high temperatures the endosperm is not weakened but remains intact.

17

inability

The

of

·semipermeable membranes

seed

beyond critical

reduced germination at high
and Noland, 1982).

membranes

heat damage

function

as

temperatures as

efficient

the cause

and low temperatures is well-known

of

(Murphy

One way to study membrane permeability is to look at

water uptake as well as solute leakage.
that

to

to

Murphy and Noland

membranes resulted

in

(1982) found

significant increases

in

measurable solute leakage in radish seeds and excised pine embryos.
Electrical conductivity
study

of the seed leachate

membrane permeability

at

also can be

high temperatures.

used to

Hill and

Taylor

(1989) investigated the relationship between lettuce endosperm integrity
and the

volume, density, and electrolyte leakage of imbibed control and

heat-killed

lettuce seeds.

The

heat-killed seeds imbibed

than the control seeds and they had
punctured the
embryo.
the

seeds

compared to

lower densities overall.

the

This rupturing decreased

density of

punctured

to rupture

endosperm layer

the intact

and punctured

seeds.

Also, the

heat-killed seeds had higher mean

punctured control seeds.

Hill

endosperm caused

extra-embryonic

osmotically active

fluid

increased swelling

of

and

surrounding

heat-killed

decreased

seed

the

increased

heat-killed seeds
leachate from

the

conductivity than that for

and Taylor concluded that the

endosperm restricted leakage of electrolytes
the

Next they

the total water uptake and

the punctured control

that of

more water

undamaged

from the embryo, and

solutes to accumulate
seeds.
density

that
in the

This

in

turn

caused

as

well

as

reduced

germination percentages.
The

problem

of

lettuce

seed

thermodormancy

is

aggravated

by

combinations of high soil temperatures, low soil moisture, and poor soil

18

aeration.

Although many

attempts have

emergence and stand establishment as
of the

physiological mechanisms

improve seedling

a greater understanding is

controlling

effective treatments have been found for
no advancements have been made

been made to

gained

thermotolerance, no

field applications.

Likewise,

in genetically improving the ability

lettuce seeds to withstand high temperatures at germination.

cost

of
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CHAPTER 3
"ATERIALS AND "ETHODS

L.) seed was used for

Raw untreated lettuce (lactuca sativa
establishment,

germination,

experiments.
to

high

and

at

"Salinas"

"PI

germination:

and

"Nanda"

lettuce, were obtained from Ed Ryder
crisphead

(Kalamazoo, MI).
from SunSeeds
were

lettuce,

"Empire"

"Dabora"

and

Seeds of "PI 251245", a leaf

(USDA-ARS, Salinas, CA).

were obtained

(Hollister, CA).

from

Asgrow

Seeds of
Seed

Co.

Seeds of "Nanda", a butterhead lettuce,

and Groot (Holland).

both butterhead cultivars,

(Holland).

and

Seeds of "Salinas", a crisphead lettuce, were obtained

obtained from Sluis

"Severa",

251245"

(intermediate), and

"Severa" (sensitive) (Coons et al., 1988).

"Empire", a

electrical conductivity

Six cultivars were chosen on the basis of their tolerance

temperature

(tolerant),

root length,

stand

Also

tested in

Seeds of

were obtained from

these experiments

were

"Dabora" and
Hunhems Zaden

four seedlots

of

"Empire" obtained from John McGrady (Univ. of Arizona, Tucson) that were
produced during two seasons over two years (winter 1988 and 1989; summer
1988 and 1989).
4, 1988 and
summer

1989

Seeds of winter 1988 and winter 1989 were harvested May

April 11,
were

1989, respectively.

harvested

July

27,

Seeds of
1988

and

summer 1988
August

and

8,

1989,

with John McGrady.

Seeds

respectively.

Stand Establish•ent
Field plots

were done in collaboration

from the four seedlots of "Empire" were planted in Yuma, AZ to determine
stand establishment.

One hundred

were planted on Oct. 5, 1989.

seeds per replication with four

The emergence count was

reps

recorded on Oct.

20
11, 1989.

Fifty seeds per replication

July 24,

1990.

Fifty seeds
1990.

The emergence

per replication

The emergence

with four reps were

count was

with four

count was

recorded on

reps were

recorded on

planted on

July 29,

1990.

planted on Aug.

Sept. 6,

31,

1990.

Percent

were

used per

emergence was calculated based on final emergence counts.

Ger•ination
One

hundred

seeds

of

each seedlot

replication with three replications.
petri dishes

(10

x 2

(Whatman no. 1),

cm), lined

x 12 cm,

"Empire"

The seeds were germinated in glass
with three

and moistened with

petri dishes were divided

of

pieces

five ml of

of filter

paper

distilled water.

The

by rep into three clear plastic tubs (35 x 24

Rubbermaid) and kept enclosed in the tubs to prevent excessive

moisture loss.
duration of

No

the

additional water

experiment.

was added

Germination was

chamber (Percival, Boone, IA) at 20.4

to the

seeds for

conducted

in a

the

growth

t 1.2, 25.2 t 1.3, 30.6 t 1.6, and

35.4 t 1.7 C, as measured daily throughout the experiment with a digital
thermocouple thermometer (Wescor,
between

the tubs.

The seeds

Inc., Logan, UT) placed

were under

at tub level

a combination of

fluorescent and incandescent lightbulbs for 12 hours per day.
level was
light meter
seeds were

174 umol x

s~ x m~at

tub level, as measured

removed every

considered germinated when the radicle

day for

one week.

The light

with a Li-Cor

and quantum sensor (Li-Cor, Inc., Lincoln, NE).
counted and

cool white

Germinated
Seeds

had penetrated the seed coat

were
by

at least one mm.
Germination
Germination rate

percentages
was calculated

after
as the

seven

days

summation of

were

calculated.

newly germinated

21
seeds on each day divided by number of

days that elapsed since onset of

imbibition (Maguire, 1962).
Root Length
Plastic seed envelopes (16.5 x 17.5 cm, Northrup King, Minneapolis,
MN)

with a sheet

experiment.

of paper towel

inside were used for

the root length

There were six replications per cultivar and per seedlot of

"Empire" with five

seeds per rep.

The seeds were placed in the

One envelope was considered

crease at the top of the envelope

envelopes were suspended on two wires in a wooden frame.
germinated in these
same temperature

envelopes in the

and

water.

They were

as

for the

watered with

and the

The seeds were

same growth chamber and

light conditions

previously described.

a rep.

wifh the

germination

five

ml of

study

distilled

More water in increments of five ml was added when the envelopes

started to dry.
measured from

Every

other day for twelve days the

the crease of

the envelope to

root lengths were

the tip

of the main

tap

root.
Root lengths

after twelve days were calculated with the lengths of

the five

seeds per envelope

The rate

of elongation

length

each day divided

averaged to represent

was calculated

one value

as the summation

by the number

of days that

per rep.

of the

total

elapsed since the

onset of imbibition.
Electrical Conductivity
Preliminary
seeds,

volume

electrical

studies were
of

solution,

undertaken to
and

time

conductivity (Appendix A).

and per seedlot of "Empire" were used

of

determine
imbibition

Four replications

the number
for

of

measuring

per cultivar

with ten seeds per rep.

The four
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replications per

cultivar or

petri dish (10 x 2 cm) that
The seed

were imbibed for

(Whatman no. 1)
chamber

per seedlot

in one

glass

was quartered to divide the reps per

dish.

five hours on

moistened with five ml

(Sherer-Gillett Co., Model

were combined

three pieces of

of distilled water in

CEL 25-7, Marshall,

white flourescent and incandescent lightbulbs with

30.3

Lincoln, NE).

t 2.9, and 35.2 t

light level of 220

thermometer (Wescor
hours

all ten

transferred

tube,

which contained five

ml of

in the growth
at the same

the soak solution taken with the

digital thermocouple thermometer was 20.7
The

After five

(16 mm

so that they would both be

The temperature of

t 3.5 C.

caps

The caps plus water had been

chamber with the imbibing seeds

and 35.2

t 2.7, 25.6 t 3.1,

dish level.

to plastic

Glass Inc., Vineland, HJ)

deionized distilled water.

temperature.

quantum sensor

with a digital thermocouple

Inc., Logan, UT) placed at

seeds were

"Kaputs", Bellco

Temperatures were 20.B

2.1 C, as measured

a growth

MI) under cool

umol x s~ x m~as measured with a Li-Cor light meter and
(Li-Cor Inc.,

filter paper

seeds were

same

t 2.9, 25.B t 3.0, 30.6 t 3.4,

soaked in the

deionized distilled

water for one hour when the electrical conductivity of the soak solution
was
Altex

measured.

Conductivity

(a Beckman product,

RC-16C) with

measurements were
Cedar Grove, NJ)

a Beckman (Cedar Grove, NJ)

made in uMHOS

using an

conductivity bridge (model

conductivity cell (GOl).

meter was

set at 1 kHZ and the multiplier was adjusted as needed.

the seeds

were ground with a

Westbury, NY)

with 89/Polytron

Westbury, NY) at

Polytron homogenizer (PT
probe (12

4500 rpm for three

mm, PT-DA

seconds.

The
Then

3000, Brinkman,
301212, Brinkman,

The seed

solutions were

filtered through small Miracloth (quick filtration material, Calbiochem,

23

La Jolla, CA) filters handmade to fit the plastic caps and folded in the
shape of cones.

The filtration was to remove the debris.

in the plastic

caps were returned to

experimental

temperature.

was measured

again.

After

Percent

The solutions

the growth chamber to

one hour the

ion leakage

resume the

electrical conductivity

was

calculated as

initial

conductance divided by final conductance x 100.
Statistical Analyses
The
root

experimental design for

length, and electrical

complete

block.

the stand establishment, germination,

conductivity experiments was

A one-way

analysis of

variance

percent emergence in the field for each count date.
of

a randomized

was conducted

for

A two-way analysis

variance was conducted for germination percentage, germination rate,

root length, and
were cultivar

separated

temperature

interaction

significant
analyses

and

percent ion leakage.

of
by

was

variance were
using Duncan's

or

factors in each -AHOVA

seedlot

and

temperature.

found between

the

two

done

on individual

Multiple

coefficients for germination, root
were calculated.

The two

Range

When

a

factors, one-way

factors.

Means

were

at P=0.05.

Regression

length, and electrical

conductivity
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CHAPTER 4
RESULTS
Data for percent field emergence were analyzed
of variance (Appendix B).

by one-way analysis

Seedlots were significantly different for two

sampling dates, October 5, 1989 and August 31, 1990 (Table 1).
two

sampling

dates,

summer seedlots

percent emergence

than it

was for

was

significantly

winter seedlots.

This

On these
higher for

response was

observed for all seedlots in 1989 but only for one summer and one winter
seedlot in 1990.

No significant seedlot effect was observed for percent

emergence of seeds planted on July 24, 1990.
The

two-way

analysis

of

variance

for

percent

seedlots by temperatures revealed that all factors
of

factors were significant

(Appendix B).

seedlots and individual temperatures
one-way analyses of variance.

significantly

at

35 C.

of

and all interactions

Thus, data

for individual

were considered separately through

Percent germination was higher for summer

1988 and summer 1989 seedlots (Table 2).
significantly at

germination

Percent

30 C whereas

The summer seedlots decreased

germination for winter
percent

1988 decreased

germination for

winter

1989

decreased significantly at 25 C.
The
by

two-way analysis of variance

temperatures

factors

were

revealed

significant

that

for germination rate of seedlots

all factors

(Appendix B).

and
Thus,

seedlots and individual temperatures were considered
one-way analyses
1988 and summer
1988 and

of variance.

interactions of

data

for individual

separately through

Germination rates were higher for summer

1989 seedlots at all four

winter 1989 seedlots (Table

significantly at 35 C for

all

3).

temperatures than for winter
Germination

rates decreased

summer 1988 and summer 1989 seedlots

whereas

25

Table 1.

Percent field emergence 5 or 6 days 1 after planting in Yuma,
of 4 seedlots of "Empire" lettuce produced in summer or
winter of 1988 and 1989.
AZ

Plan ting Dates
1989

Seed lot

Oct 5

1990

July 24

Aug 31

Summer
1988

54 aY

1989

57 a

10 a

29 a

1988

33 b

15 a

22 ab

1989

36 b

10 a

14 b

6 a

21 ab

Winter

1 emergence counts taken 6 days after Oct. 5 and Aug. 31 plantings and 5
days after July 24 planting.
Y mean separation within a column based on Duncan's multiple range at

P=0.05.
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Table 2.

Percent germination after 7 days in a growth chamber at 20,
25, 30 or 35 C of 4 seedlots of "Empire" lettuce produced in
summer or winter of 1988 and 1989.
Temperature

Seed lot

20

25

(C)

30

35

Summer
1988

92. 7±_1. 2 aw 11Y

1989

85.7±_2.1 bw

86.7±_1.2 bw

85.3±_3.l aw

52.0±. 6.0

77.0±_3.6 cw

77 .0±_1.0

62.3±_6.4 bx

9.7±_

91.7±_2.5 aw

91.0±_l.O aw

51.7±_10.7 ax

ax
Winter
1988

CW

1.5

by
1989

71.3±_3.2 dw

66.0±_5.6 dx

56.3±_6.8 bx

4.7±_ 3.1

ex
abed to separate means within each column based on Duncan's multiple
range at P=0.05; wxy to separate means within each row based on Duncan's
multiple range at P=0.05.
Y Regression curves where y = % germ and x = temp (C) are as follows:
,..2 = 0.88
- for summer 1988 y = -128.2 + 18.6x - 0. 4x 2
,..2 = 0.91
- for summer 1989 y = -115.2 + 16.8x - 0.3x 2
1- = 0.98
- for winter 1988 y = -206.2 + 24.7x - 0.5x 2
,..2 = 0. 92
- for winter 1989 y = -132.3 + 18.lx - O. 4x 2
1
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Table 3.

Germination rates 1 over 7 days in a growth chamber at 20, 25,
30 or 35 C of 4 seedlots of "Empire" lettuce produced in
summer or winter of 1988 and 1989.
Tempera tu re ( C)
20

Seed lot

25

30

35

Summer
1988

91.8~.J.4

1989

85. 5::!:.2 .2 bw

86.0±_1. 5 bw

84.3::!:.3.3 aw

47.7:!:. 6.0 ax

1988

76.7::!:.3.7 cw

75.8±_2.3 cw

60.0::!:.6.5 bx

8.8±_ 0.8 by

1989

70.7::!:.3.7 cw

59.3::!:.5.3 dx

38. 3::!:.3.2 cy

4.0::!:. 3 .1 bz

aw71 1 91.0±_2.6 aw

89 .8::!:.1.6 aw

50.2::!:.10.3 ax

Winter

1 germination rate calculated as the summation of newly germinated seeds
on each day divided by number of days that elapsed since onset of
imbi bi ti on.
1 abed
to separate means within a column based on Duncan's multiple
range at P=0.05; wxyz to separate means within a row based on Duncan's
multiple range at P=0.05.
1 Regression curves where y = germination rate and x = temp
(C) are as
follows:
/. = 0.89
for summer 1988 y = -131.4 + 18.8x - 0.4x2
r 2 = 0.91
- for summer 1989 y = -130.2 + 18.lx - 0.4x 2
- for winter 1988 y = -189.0 + 23.3x - 0.5x 2
r 2 = o. 98
r 2 = 0.98
-2.1 + 8.2x - o.2x 2
- for winter 1989 y =
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germination rates

for winter 1988 decreased

significantly at 30

C and

for winter 1989 significantly at 25 C.
The

two-way analysis of

variance for

root length of

seedlots by

temperatures revealed that all

factors and all interactions of

were significant (Appendix B).

Therefore,

and individual
way analyses
differences

data for individual seedlots

temperatures were considered independently
of

variance.

between

At

the root

20, 25,

lengths

except at 25

C roots

of winter 1988

seedlots and

at 30 C

roots of

factors

and

of the

30

C few

seedlots

were longer

winter 1988 were

through onesignificant
were observed

than those of

other

longer than those

winter 1989 with those of summer seedlots intermediate (Table 4).

of

Roots

of the seedlots at 35 C were longer for summer 1988 and summer 1989 than
for winter

1988 and winter

occurred in seeds from
the

1989.

At 35 C

little if any

root growth

winter 1988 and winter 1989 seedlots.

Roots of

summer seedlots and the winter 1988 seedlot decreased significantly

when the temperature increased from 30

C to 35 C.

Roots of

the winter

1989 seedlot decreased significantly when the temperature increased from
25 C to 30 C.
The

two-way analysis of

seedlots by temperatures
of

factors

individual

were

independently

and

rate of root

(Appendix

individual

through one-way

B).

Therefore,

temperatures

analyses of

variance.

differences between rates of seedlots were found
25 C the

elongation of

revealed that all factors and all interactions

significant

seedlots

variance for

data

for

were

considered

No

significant

at 20 C (Table 5).

At

rates of the winter 1989 seedlot were significantly lower than

those of the winter
intermediate.

1988 seedlot with the rates of

the summer seedlots

At 30 C the rates of root elongation for the seedlings of
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Table 4.

Root lengths (cm) after 12 days in a growth chamber at 20, 25,
30 or 35 C of 4 seedlots of "Empire" lettuce produced in
summer or winter of 1988 and 1989.
Tempera tu re ( C)

Seed lot

20

25

30

35

Summer
1988

7. 5~:_1. 5 aw 11Y 5. 9:!:.l • 9 bw

1989

6.8:!:_1.2 aw

5.4:!:_0. 8 bw

5.8:!:_2 .3 abw

3.3:!:_0.8 ax

1988

7. 6:!:_1. 9 aw

7.7:!:_1.2 aw

6.9:!:_1.4 aw

0.6:!:_1.4 bx

1989

6.8:!:_2.6 aw

5.8:!:_0.8 bwx

4.6:!:_1.6 bx

O.O:t_O.O by

6.2:!:_1.0 abw

3.1:!:_0.6 ax

Winter

abed to separate means within a column based on Duncan's multiple
range at P=0.05; wxy to separate means within a row based on Duncan's
multiple range at P=0.05.
Y Regression curves where y = root length and x = temp CC) are as
follows:
r2 = 0. 54
for summer 1988 y = 1.34 + 0.6x - o.ox 2
r 2 = 0. 80
- for summer 1989 y = -28.3 + 3.lx - O.lx 2
r1 = 0 .40
- for winter 1988 y = 2.2 + o.5x - o.ox 2
- for winter 1989 y = -9.5 + 1.5x - o.ox2
r2 = 0. 75

30

Table 5.

Seed lot

Rates 1 of root elongation over 12 days in a growth chamber at
20, 25, 30 or 35 C of 4 seedlots of "Empire" lettuce
produced in summer or winter of 1988 and 1989.

20

Temperature

(C)

25

30

35

Summer
8.7±_1.7 aw

1988

7.l:t_l.5 awY1 1 8.4±_2.0 abw

4.5±_1.0 ax

1989

7. 3±_0. 6 aw

8.0±_0.6 abw

8. 5±_1.4 aw

4.7±_1.1 ax

1988

7. 5±_1. 5 aw

9.7±_0.6 aw

7 .4±_1.6 aw

1.0±_2.4 bx

1989

7. 0±_1. 7 aw

6.7±_1.9 bw

4. 8±.2 .1 bw

0.0±_0.0 bx

Winter

Rate of root elongation calculated as the summation of the total
length each day divided by the number of days that elapsed since the
onset of imbibition.
1 ab to separate means within a column based on Duncan's multiple range
at P=0.05; wx to separate means within a row based on Duncan's multiple
range at P=0.05.
1 Regression curves where y =
rate of root elongation and x = temp (C)
are as follows:
0.53
- for summer 1988 y = -28.6 + 2.9x - O. lx 2
0.83
- for summer 1989 y = -44.4 + 4.3x - O. lx 2
0.64'
- for winter 1988 y . -21.2 + 2.3x -·o.ox 2
0.76
- for winter 1989 y = -16.0 + 2.lx - o.ox 2
1
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the winter 1989 seedlot were significantly lower than those of the other
three

seedlots.

At

35 C the

significantly higher than those
all

rates

of

the

of the winter

summer seedlots

seedlots.

four seedlots decreased significantly at 35

were

The rates

of

C with winter 1988 and

winter 1989 seedlots having very low rates.
The two-way

analysis of variance for

temperatures revealed that
were significant
individual

all factors and all

(Appendix B).

temperatures

analyses of variance.

were

analyzed

intermediate

Nanda, an

interactions of factors

separately

through

one-way

At all four temperatures the roots of Pl 251245,

(Table 6).

Growth

Empire decreased significantly at
an

cultivars by

Thus, data for individual cultivars and

a tolerant cultivar, were significantly
tolerant cultivar

root length of

cultivar,

longer than those of Empire,
of the

35 C.

roots of

At 20 C the

were significantly

intermediate cultivar.

At 35

PI 251245

and

roots of Salinas,

shorter

C the

a

than

roots of

those of

Salinas were

significantly longer than those of Nanda.

The root lengths of Nanda and

Salinas decreased significantly at 30 C.

The root lengths of Dabora, a

sensitive cultivar,

were significantly longer

sensitive cultivar, at 20

C.

At

Dabora decreased significantly.

than those of

30 C the root

Severa, a

lengths of Severa

and

Nanda, Severa, and Dabora seeds showed

little or no growth at 35 C.
The two-way

analysis of variance for

rate of root

elongation for

cultivars by temperatures revealed that all factors and all interactions
of

factors were significant

(Appendix B).

Thus, data

for individual

cultivars and individual temperatures were considered separately through
one-way analyses
251245, a

of variance.

tolerant cultivar,

At

20, 25

and 30

were significantly

C the

rates of

higher than

PI

those of
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Table 6.

Root lengths (cm) after 12 days in a growth chamber at 20, 25,
30 or 35 C of 6 lettuce cultivars that differ in tolerance to
high temperature at germination 1 •
Temperature

Cultivar
PI 251245

20

25

(C)

30

12. 3±.0. 9 awY1 1 11. 4±.2. 5 awx

9. 9±.2 .O ax

35
6.6:!:_1.9 ay

Empire

6.5±_1.2 ex

8.6±_2.3 bcw

7.6±_0.7 bwx

4.3±_0.7 by

Salinas

4.4:!:_0.3 dx

5.5±_0.8 dw

4.5±_0.6 ex

4.1±_0.5 bx

Nanda

7. 4±_0. 7 cw

7.0±_0.8 cdw

4.7±_1.3 ex

0.9±_1.6 cy

Severa

7 .6±_1.3 ex

9.5±_2.2 abw

0.0±_0.0 dy

0.0±_0.0 cy

Dabora

10.1±_0. 7 bw

10.0±_2.2 abw

1.9±_2.9 dx

0.0±_0.0

ex

1 PI 251245 and Empire (tolerant); Salinas and Nanda (intermediate);
Severa and Dabora (sensitive).
Y abed to separate means within a column based on Duncan's multiple
range at P=0.05; wxy to separate means within a row based on Duncan's
multiple range at P=0.05.
1 Regression
curves where y = root length and x = temp CC) are as
follows:
/. = 0.61
- for PI 251245 y = 3.1 + 0.9x - o.ox 2
for Empire
y = -28.5 + 2.8x - 0.1x 2
r2 = 0.62
r2 = 0.34
y = -5.5 + 0.8x - o.ox 2
- for Salinas
- for Nanda
y = -8.0 + 1. 5x - o.ox 2
r2 = 0.85
- for Severa
y = 7.9 + 0.4x - o.ox 2
/. = 0.66
2
for Dabora
y = 13.6 + 0.2x
o.ox
r2 = 0.77

-

-

-
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Empire, a tolerant cultivar (Table 7).
significantly

at

35

significantly at 30 C.

c

whereas

The rates of PI 251245 decreased

the

rates

of

Empire

The rates of Salinas, an intermediate

decreased
cultivar,

were significantly lower at 20 C and significantly higher at 35 C
those

of Nanda, an

intermediate cultivar.

Nanda decreased significantly at 30 C.
cultivar, were
cultivar,

at

C.

significantly at 30 C.

The

rates

rates of

Salinas and

The rates of Dabora, a sensitive

significantly higher than
20

The

than

of

those of Severa,
Severa

and

a sensitive

Dabora

decreased

At 35 C Nanda, Severa, and Dabora showed

little

or no growth.
The

two-way

seedlots

by

seedlots

but

analysis of

temperatures
a

variance

revealed no

significant

for

percent

significant

temperature

effect

ion

leakage

difference between
(Appendix

B).

No

significant interaction occurred between seedlot and temperature.
and 35 C, for lumped

of

means, the percent ion leakage was

At 25

higher but not

significantly for all seedlots than at 20 and 30 C (Table 8).
The
cultivars
cultivar

two-way

analysis

of

by temperatures
and temperature

(Appendix B).

variance

for

percent

revealed no significant
but

At 25 C, for

temperature

had

C percent
(Table 9).

ion leakage
At all

significantly

was significantly

leakage of

interaction between

a

significant

lumped means, the percent

significantly higher for all cultivars than at 35

ion

c,

lower for

effect

ion leakage was

and at 20 C and
all the

cultivars

temperatures Salinas, an intermediate cultivar,

higher percent

ion

leakage

cultivar, and PI 251245, a tolerant cultivar.

than

Dabora,

a

30

had

sensitive
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Table 7.

Rates 1 of root elongation over 12 days in a growth chamber at
20, 25, 30 or 35 C of 6 lettuce cultivars that differ in
tolerance to high temperatures at germination1.
Temperature (C)

Cultivar
PI 251245

20

25

13.3:!:_1.0 aw 111 14.8.:!:_2.6 aw

30
13.7.:!:_2.7 aw

35
6.7.:!:_l.8 ax

Empire

7 .4.:!:_l.O cy

11.0±.2 .O bw

9.2.:!:_0.7 bx

6.0.:!:_0.6 ay

Salinas

5.3.:!:_0.4 dw

5. 8.:!:_0. 9 cw

4.3.:!:_l.O ex

5.4.:!:_0.6 aw

Nanda

7. 9.:!:_0. 7 cw

7. 3.:!:.l. 3 cw

2.9.:!:_l.6 cdx

0.8.:!:_l.8 by

Severa

7 .8.:!:_l. l ex

9.6.:!:_2.0 bw

0.0.:!:_0.0 ey

0.0.:!:_0.0 by

Dabora

9.7.:!:_l.2 bw

9.2.:!:_l.9 bw

1.2.:!:_2.2 dex

0.0.:!:_0.0 bx

z Rate of root elongation calculated as the summation of the total
length each day divided by the number of days that elapsed since the
onset of imbibition.
Y PI 251245 and Empire (tolerant); Salinas and Nanda (intermediate);
Severa and Dabora (sensitive).
1 abcde to separate
means within a column based on Duncan's multiple
range at P=0.05; wxy means to separate within a row based on Duncan's
multiple range at P=0.05.
1 Regression
curves where y = rate of root elongation and x = temp (C)
are as follows:
- for PI 251245 y = -37.6 + 4.2x - O. lx 2 r2 = 0.71
y = -37.4 + 3.6x - O. lx 2
- for Empire
r2 = 0.71
y = 10.1 - 0.3x + o.ox 2
- for Salinas
f = 0.10
y = 8.6 + 0.3x - o.ox 2
r2 = 0.80
- for Nanda
y = 9.9 + 0.3x - o.ox 2
- for Severa
r2 = 0.68
y = 20.2 + 0.4x
- for Dabora
o.ox 2
f = 0.79

-
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Table 8.

Electrical conductivity (%) at 20, 25, 30 or 35 C after 6
hours of imbibition of 4 seedlots of "Empire" lettuce produced
in summer or winter of 1988 and 1989.

Temp (C)

EC ( %)

Seed lot
Summer

20

EC (%)

1988

16.6 a

25

16.3 a

Summer

1989

15.5 a

30

12.6 a

Winter

1988

13.2 a

35

16.5 a

Winter

1989

11.8 a

means lumped for al 1 seed lots because no significant interaction.
= EC (%) and x = temp ( C) are as follows:
r2 = 0.06
- for summer 1988 y = -24.2 + 2.6x - o.ox 2
r2 = 0.18
- for summer 1989 y = 20.3 - 0.7x + o.ox 2
for winter 1988 y = -5.4 + 1.3x
o.ox 2
.i = 0.18
for winter 1989 y = 20.1 - 0.6x + o.ox 2
.i = 0.01

1 Regression curves where y

-

-
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Table 9.

Temp (C)

Electrical conductivity (%) at 20, 25, 30 or 35 C after 6
hours of imbibition of 6 lettuce cultivars that differ in
tolerance to high temperature at germination 1 •
EC(%)

Cultivar

EC (%)

20

10. 7 c71I

25

20.9 a

Empire

15.2 ab

30

11.0 c

Salinas

17.3 a

35

14.7 b

Nanda

14.6 ab

Severa

13.2 ab

Dabora

12.7 b

PI 251245

12.0 b

PI 251245 and Empire (tolerant); Salinas and Nanda (intermediate);
Severa and Dabora (sensitive).
7 means lumped for all cultivars because no significant interaction.
1 Regression curves where y = EC (%) and x = temp (C) are as follows:
- for PI 251245 y = -18.6 + 2.3x - O.Ox2
f = 0.10
- for Empire
y = -83.8 + 7.5x - O.lx2
f = 0.20
- for Salinas
y = -55.3 + 5.lx - 0.1x2
f = 0.13
- for Nanda
y = 16.9 - 0.6x + o.ox2
f = 0.16
- for Severa
y = -50.5 + 5.7x - 0.1x2
f = 0.16
- for Dabora
y = -11.4 + 1.6x - o.ox2
f = 0.10
1
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CHAPTER 5
DISCUSSION
Several factors
temperature
and

in the environment

and chemicals determine

the rate

at which

it does

satisfied and the seed fails to
seed itself.

such as water,

whether or not

so.

If all

oxygen, light,

germination occurs

of these

conditions are

germinate the reason may be within

the

The seed is said to be dormant when some factor related to

its physiological makeup must be overcome or removed in order for

it to

germinate.
In this investigation thermodormancy of lettuce (lactuca sativa L.)
seed

refers to

temperatures.

the inability
The

thermodormancy may

mechanisms

lettuce seed
involved

be environmental

oxygen entering the seed and
the seed at the time
the seed develops.

of

as far

in

to
the

germinate at

high

control

this

as quantity

of water

quantity and quality of light

and

penetrating

of imbibition, as well as the environment in which
The mechanisms may be, on the other hand, related to

the genetics of the seed as far as different cultivars are
the

of

actual makeup of

the seed

itself (seed coat,

concerned or

endosperm, embryo).

The experiments presented investigate how the season of seed development
and

selection

percentage and
experiment

with

of

cultivar

affect

stand

rate, and root growth at
the electrical

seeds from the four seedlots

establishment,

high temperatures.

conductivity of

the seed

germination
Through an
leachate of

and selected cultivars, an explantion

was

sought as to the involvement of the endosperm membrane in thermodormancy
of lettuce seed during germination at high temperatures.
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hypothesis

One

cultivar are
be more

that was

exhibited first

when planted
higher than

cool season (winter seedlots).

in the

stand

had higher percent

in

early fall

emergence than the

when soil

temperatures

hot for any emergence.

development was again seen
Percent

This

establishment experiment

optimal for lettuce seed germination.

temperatures were too

rate.

the seeds

of one

likely to tolerate high temperatures during germination than if

summer seedlots

seed

that when

developed during a warm season (summer seedlots) they will

they were developed in a
was

tested was

response
where the

winter seedlots
were more

likely

In the July planting

The effect of

season of

in percent germination and germination

germination and

germination

rates

were consistently

higher at the four temperatures for the summer seedlots with significant
decreases occurring

at 35 C.

Percent germination and germination rates

for the winter seedlots were consistently lower at all four temperatures
with significant decreases occurring at 25 or 30 C suggesting the summer
seedlots were

more tolerant to high temperature at germination than the

winter seedlots.

Finally, in an

experiment that tested root growth and

rate of root elongation seedlings of the summer seedlots had longer root
lengths and higher

root elongation rates at

the winter seedlots.

30 and 35 C

than those of

The seedlings of the winter seedlots grew

20 and 25 C but decreased significantly at

well at

30 or 35 C until they showed

Thus, season of seed

development is one

little or

no growth at 35 C.

mechanism

controlling thermotolerance in the lettuce seed of the tested

cultivar "Empire".
Another hypothesis tested
seed

have

different

was that different cultivars

thermotolerance

potentials

of lettuce

suggesting

genetic

39

control of
chamber

thermodormancy.

to determine root

In

growth and rate

temperatures for six lettuce
leaf

lettuce of known

an experiment

conducted

of root elongation

cultivars it was found

tolerance to

in a

growth
at high

that PI 251245,

high temperature, had

a

the longest

root lengths and rate

of root elongation at all

four temperatures (20,

25, 30,

Also, the root

PI 251245

and 35

C).

another tolerant cultivar,
The root growth of the
at

25 or

30

c,

cultivars showed
response of

growth of

did not decrease

and Empire,

significantly until 35

C.

more sensitive cultivars decreased significantly

depending

on the

little or

no

cultivar.

growth.

At

Thus, as

35 C

the sensitive

illustrated by

the

the six cultivars tested, genetic control can be implicated

in the difference in thermotolerance to high temperatures at germination
among lettuce seed.
The differences in thermotolerance among the seedlots and cultivars
were manifested mostly at the higher temperatures (30 and 35 C).
lower temperatures
germination,

the

(20 and
seedlots

25 C),

which

and cultivars

were closer
responded

At the

to optimal
similarily.

for
Any

extraordinary growth at 25 or 30 C could be explained by the effect that
an increase in temperature may
the seed.

Metabolism

have on the metabolic activities

may increase

initially causing

within

an increase

in

growth.
Among the cultivars and seedlots at all four temperatures, but most
especially at the higher

temperatures, fungal growth was a problem

some of

the fungus may

the seeds where

imbibition

have damaged the

on

seeds during

thus preventing normal germination or attacked the seedlings

thus preventing further root growth after germination.

High temperature

40

or high humidity
growth of such

or a combination

of the two

may have stimulated

pathogenic saprophytic fungi on the

may produce metabolites on the

seeds.

the

These fungi

seeds that inhibit their germination

or

prevent the growth of the seedlings.
A third
mechanism as
high

hypothesis
to why the

temperatures.

that surrounds the
the cells.
act

as

one physiological

lettuce seeds is

Selectively permeable membranes,
lettuce seed embryo, normally

seeds start

will occur (Bewley

place.

inhibited at

such as

retain solutes within

the initial

water, rapid

and until

and

leakage

the displacement is

and Black, 1985).

to the percent

stages

of imbibition.
of solutes

25 C)

It was hypothesized that

percent ion

ion leakage

state

be lower

at higher temperatures,

and that

seedlots would

at the

Thus, high temperatures
the

seed

that

higher

have less

ion

leakage at

temperatures and

germination.

the

The lettuce

is prevented from returning to

cause unfavorable

inhibit

at the

leakage would

membrane surrounding the endosperm

its normal

and

reversed leakage

higher temperatures than sensitive cultivars and seedlots.
seed

the one

Membrane components may be displaced by this

temperatures (20 and

tolerant cultivars

during

to uptake

influx of water

compared

explain

However, they lose their integrity during drying and do not

electrolytes takes

lower

to

germination of

retentive barriers

Thus, as

rapid

tested sought

The

leakage

continues.

metabolic conditions
data

from

within

the electrical

conductivity investigation do not support the aforementioned hypothesis.
No significant interaction

occurred between seedlot and

temperature or

cultivar and temperature as far as percent ion leakage.
In

further investigations it

might help to dust

the seeds with a
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fungicide before

germination tests

will adversely affect data.
simultaneously

two

investigations.

The use of

length, and

to prevent

In order for two temperatures to

growth

chambers

resulting from

were

used

in

which

be tested

the

present

one chamber in which all germination,

electrical conductivity

four temperatures

molding of seeds

experiments are

root

conducted at

all

would eliminate variability in data due to the effect

using different chambers.

It might help

to follow the

leakage of a particular ion such as potassium, first establishing normal
conductivity rates at optimal temperatures.
be pursued

as far as the difference

temperatures

between

intact

An investigation might also

in conductivity rates at different

seeds

and

seeds

which have

had

their

with

high

endosperm (with surrounding membrane) mechanically altered.
The

thermodormancy

temperatures

of

is a factor

interactions between

lettuce

seed

at

of the composition

the embryo, the

germination
of the seed

endosperm, and the

itself.

The

pericarp that

control gas exchange and water uptake need to be further investigated in
order

to

understand

Knowledge

germination.
germination

of

production

and

high

why
of

lettuce seed
labor

hasten

production will be mechanized,

temperatures

adverse
is

environmental

important

the time

alter

when

because
all

lettuce
effects

rising
aspects

seed
on

the

costs

of

of lettuce

and total mechanization will demand

use of high quality seed which germinates uniformly and vigorously.

the
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APPENDIX A
ELECTRICAL CONDUCTIVITY
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Three preliminary experiments were done to determine procedures for
electrical conductivity (EC) analyses.
The first experiment (A) was
done to determine the number of seed per sample and the time to soak
seeds before taking the initial EC reading. The second experiment (8)
was done to determine the imbibition period needed prior to taking EC
readings. The third experiment (C) was with all 4 seedlots of "Empire"
and all 6 cultivars at all 4 temperatures to test procedures determined
in experiments A and B.

CALCULATION -- PERCENT ION LEAKAGE:
The initial
100.

conductivity divided

by final

conductivity multiplied

by

Preliminary EC analysis (A)
Six replications of one, two or five seeds of "Empire" were imbibed
for 12 hours at 25 C.
The seeds then were soaked in five ml of
deionized distilled water for one, three, six, nine, twelve or eighteen
hours to eqilibrate.
A plateau was reached at one hour (Fig. Al).
Different seeds then were soaked for 0.5, 1, 1.5, 2, 2.5, or 3 hours and
again a plateau was reached at one hour (Fig. A2).
The time when the
plateau was reached was the time when "initial" EC reading was taken.
Only one volume of solution was tested.
Five ml of deionized
distilled water was chosen because it was the smallest quantity that
could be measured with the EC probe.
Two seeds were chosen for the
sample size because from our observations there was less variability
between the replications using two seeds than for those using one or
five seeds.
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Electrical conductivity of six replications of one (1), two
(2) or five (5) seeds of "Empire" imbibed for 12 hours at
25 C and soaked in five ml of solution for 1, 3, 6, 9, 12 or
18 hours to equilibrate.
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Figure

AZ.

Electrical conductivity of six replications of one (1), two
(2) or five (5) seeds of "Empire" imbibed for 12 hours at
25 C and soaked in five ml of solution for 0.5, 1, 1.5, 2,
2.5 or 3 hours to equilibrate.
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Preliminary EC analysis (B)
Two seeds of each of 4 seedlots of "Empire" and of each of 6
cultivars were imbibed at 25 C for 3, 6, 9, 12 or 24 hours to determine
how long the seeds need to imbibe before taking the "initial" EC reading
(Tables Bl and B2).
The seeds were soaked in five ml of solution for
one hour, the amount of time it takes for the seeds to equilibrate based
on observations from preliminary EC analysis (A).
Significant temperature and cultivar or seedlot effects were found
at six and twelve hours of imbibition.
Thus, six and twelve hour
imbibition periods were selected for preliminary EC analysis (C).
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Table Bl.

Electrical conductivity (%) of seed leachates of 6
cultivars of lettuce after imbibing for 3, 6, 9, 12 or
24 hours in a growth chamber at 20, 25, 30 or 35 C.
Hours of Imbibition

Temperature

3

12**

20

24

23.8 ab

20.2 b

32.4 a

26.5 a

29.6 a

33.9 a

23. 8 'b

23.9 a

25

26.2

30

20.6 ab

17.8 b

19.7 b

22.4 b

21.8 a

35

22.8 ab

23.0 b

26.9 ab

22.3 b

28.7 a

* significant

cl

temperature effect revealed at 6 and 9 hours.

**z mean
significant cultivar and temperature effects revealed at 12 hours.
separation of lumped means of .cultivars within a column based on

Duncan's multiple range at P=0.05.
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Table 82.

Electrical conductivity (%) of seed leachates of 4 seedlots of "Empire" lettuce after imbibing for 3, 6, 9, 12
or 24 hours in a growth chamber at 20, 25, 30 or 35 C.
Hours of Imbibition

Temperature

3

6

9

24

12*

20

21.1 a I

20.4 ab

15.9 b

30.8 a

21.0 ab

25

24.4 a

28.6 a

32.3 a

27.0

17.4 b

30

19.1 a

17.7 b

25.5 ab

17.2 b

23.0

35

21.9

20.6 ab

21.7

25.1 ab

21.4 ab

* significant

cl

cl

b

cl

cl

temperature effect revealed at 12 hours.
mean separation of lumped means of seedlots within a column based on
Duncan's multiple range at P=0.05.
1
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Preliminary EC analysis (C)
Four replications of two seeds from each seedlot of "Empire" and
each cultivar of lettuce were imbibed at 20~ 25, 30 or 35 C for 6 or 12
hours in order to pursue the significant temperature and seedlot or
cultivar effects found at the 6 and 12 hour imbibition periods in
preliminary EC analysis (B). After equilibrating for one hour in five
ml of solution the initial EC reading was recorded.
No significant
interaction was found between seedlot and temperature or cultivar and
temperature (Tables Cl and C2).
Some of the seeds of the seedlots and the cultivars germinated
before the end of the 12 hour imbibition period. Thus, in the final
analysis (see main text) the six hour imbibition period was selected.
Also, the 6 and 12 hour experiments were conducted on different days in
different chambers suggesting a temperature effect.
After this analysis we reevaluated our original decision to use two
seeds, and decided to use ten seeds in our final analyses (see main
text). The seed sample number was increased to reduce the chance of
variability in viability caused by small sample size and to increase the
concentration of solutes measured in EC readings.
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Table Cl.

Temp
20

Electrical conductivity (%) at 20, 25, 30 or 35 C
after 6 hours of imbibition for 4 seedlots of
"Empire" and 6 cultivars of lettuce.

( c)

Seedlot 1
7.5 +
-

2.9 cY

Cul ti var
7.8 -+

2.8 x

25

39.8 + 14.4 a

30

10.2 +

3.3 c

8.5 +

4.0 x

35

31.2 +

8.9 b

37 .1 +

1.6 w

34.4 -+ 13.3 w

means lumped for four seedlots and for six cultivars due to no
significant interactions between these parameters and temperature.
1 mean separation within a column based on Duncan's multiple range at
P=0.05.
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Table C2.

Electrical conductivity (%) at 20, 25, 30 or 35 C after 12
hours of imbibition for 4 seedlots of "Empire" and 6
cultivars of lettuce.

Temp (C)

Seedlot 1

Cul ti var

20

11.0 +
- 3.4 bY

25

15.2 + 5.1 a

15 .1 :t_4.5a

30

7.3 -+ 2.6 c

7.3 + 1. 7 b

35

13.5 -+ 4.8 ab

9.2 + 3.1 b

14. 3 -+ 5.3 a

means lumped for four seedlots and for six cultivars due to no
significant interactions between these parameters and temperature.
Y mean separation within a column based on Duncan's multiple range at
P=0.05.
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APPENDIX B
ANOVA TABLES
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Table Bl (a)

Source

One way ANOVA randomized complete blocks - % emergence 6
days after Oct. s, 1989 planting.

SS

df

MS

F

p

------------------------------------------------------------------------------

Blocks
Main Effects
seed
Error

81. 25

3

27.083333333

2.5862068966 . 1178 ns

450.25
94.25

3
9

150.08333333
10.472222222

14.331564987 .0009

Total

625.75

15

Table Bl (b)

Source

***

One way ANOVA randomized complete blocks - % emergence 5
days after July 24, 1990 planting.
83

. cJf

32.61375

·.J

10. 8')'.)/333333

0 .. 632.ii O·"..J2'318 . 612,1

I I!~

n. ::102s

0. 7:3l182Si377 • '..i307

11:.:>

J7 .229166667

F

p

-----------------------------------------------------------------------------Blcd\s
cr-r-ect~·

Main

··r

s,eds
E.nor

155.0625

._,..,,
9

Total

220.43/5

.)

40.6875

-----------------------------------------------------------------------------l
Table Bl (c)

r·

One way ANOVA randomized complete blocks - % emergence 6
days after August 31, 1990 planting.

Sourct.:~

SS

df

c>G I\:~,

63.6815

v

21.229166667

E r·r.:.r

112.6315
1'12.0625

3
9

lS.

1c1t..:d

3Hl.437 5

15

F

p

------------------------------------------------------------------r----------..,
Gl
1. 3·~4 9 J.860'18 .3201.

rl$

Main U'fi:Jcts
:.S.8..JS

3'7.5625
·131~ 722222

2. 3796 7iiA.YJ.l .U74 n::>
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Table B2.

Two way ANOVA randomized complete blocks - % germination
(seed lots).
SS

Source

MS

df

p

F

------------------------------------------------------------------------------

Blocks
Main Effects
Seas
Temp
Interaction
Seas x Temp

21.125

2

10.5625

9475.7291667
21629.229167

3
3

3158.5763889
7209.7430556

148.94066409 .0000 •••
339.97085598 .0000 •••

1692.5208333

9

188.05787037

8.8677494706 .0000

Error

636.20833333

30

21.206944444

Total

33454.8125
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Table B3.

0.4980679809 .6126 ns

Two way ANOVA randomized complete blocks (seedlots).

Source

SS

germination rate

p

F

~IS

df

***

-----------------------------------------------------------------------------Blocks
28.5

2

14.25

11190.625
21944.875

3
3

3730.2083333
7314.9583333

200.24977632 .0000
392.69087384 .oooo

1862.6666667

9

209.16516519

11.229744507 .0000 •••

Error

556.63333333

30

16. 627777776

Total

35605.5

47

Main Effects
Seas
Temp
Interaction
Seas x Temp

Table B4.

Two

0.7649865792 .4742 ns

way ANOVA randomized complete blocks - root length

(seedlots).

Source

•••

***

•

SS

df

MS

F

p

------------------------------------------------------------------------------

Blocks
Main Effects
Seas
Temp
Interaction
Seas x Temp

4.5442706333

5

0.9088541667

0.4060115225 .6416 ns

30.2926125
415.49697917

3
3

10.097604167
136.49699306

4.5331132331 .0056
62. 176295271 .0000

59.751770633

9

6.6390856461

2.960481955 .0044

Error

167.0640625

75

2.2275206333

Total

677.14989583

95

••

***

••
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Table BS.

Two way ANOVA randomized complete blocks - rate of root
elongation (seedlots).

Source

SS

HS

df

p

F

-----------------------------------------------------------------------------Blocks
Main Effects
Seas
Temp
Interaction
Seas x Temp
Error

2.8183333333

5

0.5636666667

0.2402785014 .9434 ns

101.57541667
469.23125

3
3

33.858472222
156.41041667

14.433109932 .0000
66.674264671 .0000

90.062916667

9

10.006990741

4.2657564849 .0002

175.94166667

75

2.3458880869

***

•••
•••

------------------------------------------------------------------------------

Total

Table B6.

639.62956333

95

Two way ANOVA randomized complete blocks - root length
(cultivars).

Source

SS

MS

df

p

F

------------------------------------------------------------------------------

Blocks
Main Effects
cult
temp
Interaction
cult )( temp

13.048333333

5

2.6096666667

1.2756674442 .2791 ns

554.66916667
663.56333333

5
3

110.93383333
267.86111111

54.23561109 .0000
140.73545285 .0000

431. 9175

15

26.7945

14.077646617 .0000

Error

235.22166667

115

2.0454057971

Total

2096.44

143

Table B7.

Source

•••
•••
•••

Two way ANOVA randomizzed complete blocks - rate of root
elongation (cultivars).

SS

df

MS

F

p

-----------------------------------------------------------------------------Blocks
Main Effects
cult
temp
Interaction
cult x temp

15.626180556

5

3.1252361111

1.5514957237 .1795 ns

1124.3553472
963.38020833

5
3

224.B7106944
321.12673611

111.63524616 .0000
159.42051741 .0000

516.429375

15

34.56195B333

17. 157977396 .0000

Error

231.64B61944

115

2.0143375604

Total

2653.4399306

143

***

•••
***

56

Two way Anova randomized complete blocks - EC (seedlots).

Table 88.

p

SS

df

MS

303.28046875
224.07796875

3
3

101.~9348958

74.69265625

3.1547505855 .0332.
2.3308790903 .0860 ns

352.30515625

9

39.145017361

1.2215699245 .3044 ns

Error

1538.1525

48

32.04484375

Total

2417.8160938

63

Source
Main Effects
temp
seas
Interaction
temp x seas

F

Two way ANOVA randomized complete blocks - EC (cultivars).

Table 89.

p

SS

df

MS

1618.9486458
13927083

3
5

539.64954861
50.827854167

18.658535473 .0000 . . .
1. 7573874052 .1326 ns

716.48697917

15

47.765798611

1.6515159701 .0814 ns

Error

2082.4125

72

28.922395833

Total

4671.9673956

95

Source
Main Effects
temp

:?~ ...

CV

F

Interaction
temp

X

CV

57
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